Objective To investigate mortality in the non-pregnant fertile female population, and mortality during pregnancy and up to 1 year after the end of pregnancy, in Finland from 2001 to 2012 and compare the results with those of 1987-2000.
Introduction
Improvements in maternal health care have decreased maternal mortality in Western countries drastically. Less attention has been paid to identifying and preventing injury-related deaths, homicides and suicides among pregnant women and during the first year postpartum.
The World Health Organization (WHO) defines maternal deaths as: 'Deaths of women while pregnant or within 42 days of the end of the pregnancy, from any cause related to or aggravated by the pregnancy or its management, but not from accidental or incidental causes'. Furthermore, the WHO defines pregnancy-related deaths as 'deaths occurring in women while pregnant or within 42 days of termination of pregnancy, irrespective of the cause of the death' and late maternal death as the 'death of a woman from direct or indirect obstetric causes more than 42 days but <1 year after the termination of pregnancy'. 1 No official term exists for deaths from any cause during pregnancy and until 1 year after the end of pregnancy. The American College of Obstetricians and Gynecologists and The Centers for Disease Control and Prevention have introduced the term 'pregnancy-associated', and this term is used in our study. Pregnancy-associated death is defined as 'the death of a woman while pregnant or within 1 year of termination of pregnancy, irrespective of the cause of death or the site of pregnancy'. 2 Focusing not only on maternal deaths with direct obstetric causes, but on other pregnancy-associated deaths and complications of pregnancy or childbirth leading to death up to 1 year after the end of pregnancy, is important. Many of the deaths from any cause and up to 1 year after the end of pregnancy may have no causal link with the pregnancy, but observing them describes the status of overall public health and reproductive health, since deaths from chronic diseases, accidents, suicides and homicides are thereby included.
Collecting these data is challenging because only some of the information appears in the cause-of-death register, and the longer the period of time after pregnancy, the lower the possibility of establishing a link between pregnancy and death. Combining information from several health registers has been shown to be effective in studying maternal mortality and pregnancy-associated deaths, 3 for example a study from Sweden revealed 64% more maternal deaths after linking the registers. 4 In a study from 1987 to 2000, pregnancy-associated mortality in Finland was 36.7/100 000 pregnancies, while the age-adjusted mortality in the non-pregnant population was 57.0/100 000 person-years. 5 The aim of this study was to investigate the rate and causes of pregnancy-associated mortality up to 1 year after pregnancy in Finland in 2001 Finland in -2012 , and to compare these data with the figures for 1987-2000.
Methods
Finland has comprehensive registers that have been previously described in several studies: Statistics Finland maintains the Finnish Cause-of-death Register and the National Institute for Health and Welfare (THL) maintains the Medical Birth Register, the Register on Induced Abortions, and The Care Register for Health Care. [6] [7] [8] The Medical Birth Register contains information on all live births and stillbirths with a minimum gestational age of 22 weeks or a minimum birthweight of 500 g. All delivery hospitals provide data for the register. Termination of pregnancy requires authorisation in Finland, and the physician terminating the pregnancy has to send notification within 1 month after the procedure to the Register on Induced Abortions. The Care Register for Health Care has information on all inpatient episodes in healthcare facilities and is the source of information regarding miscarriages and ectopic pregnancies. A death occurring during pregnancy or after a miscarriage or ectopic pregnancy is entered into the register only if the woman is hospitalised.
The study period of this study was from the beginning of 2001 to the end of 2012. We used The International Classification of Diseases 10th revision codes O00-O99 to detect pregnancy-related deaths in the Cause-of-Death Register. These codes are used for conditions related to or provoked by the pregnancy, childbirth or puerperium. The codes exclude conditions provoked by external causes (injuries, poisonings, and suicides) and all mental and behavioural disorders. 9 With the codes we detected 35 deaths directly coded for an obstetric complication (direct maternal deaths) and three deaths coded for a pre-existing or newly developed health problem aggravated by pregnancy (indirect maternal deaths). To identify the remaining deaths, the patients' identification numbers were used to link deaths in women of reproductive age (15-49 years) (n = 10 427) with births (The Medical Birth Register), terminations of pregnancy (The Register on Induced Abortions) and ongoing pregnancies, miscarriages and ectopic pregnancies (The Care Register for Health Care) (Figure S1 ). In Finland, register-based studies do not require authorisation from a research ethics committee. THL and Statistics Finland granted us permission to use the register data.
We calculated the pregnancy-associated mortality rate by dividing the number of deaths during pregnancy and those occurring within a 1-year period after the end of pregnancy by 100 000, using the following classification of causes: medical causes (disease or medical condition) and external causes including accidents and intentional incidents. External causes were subdivided into accidents, suicides and homicides.
We studied separately deaths occurring after termination of pregnancy, after miscarriage (including ectopic pregnancies and all other pregnancies ending before gestational week 22), and deaths during pregnancy or after birth (either an alive or stillborn baby). We calculated age-adjusted mortality rates for each subgroup by using indirect standardisation and the age distribution of all pregnant women during the whole study period. We also calculated mortality rate per 100 000 person-years among non-pregnant 15-49-year-old females. We calculated risk ratios (RR) with 95% CIs and compared the mortality rates for 2001-2012 with the results for 1987-2000. The earlier results were calculated in a similar manner 5 . All analysis was performed using SAS v 9.3 (SAS Institute Inc., Cary, NC, USA).
Results
Among the 268 pregnancy-associated deaths there were 35 direct maternal deaths ( Figure S1 ). Regarding pregnancyassociated deaths, 138 (51.5%) occurred during pregnancy or within 1 year after birth, 43 (16.0%) occurred after miscarriage and ectopic pregnancy and 87 (32.5%) occurred after termination of pregnancy. Two pregnancy-associated deaths occurred after stillbirth. There were six terminations of pregnancy owing to medical reasons: five cases of cancer and one other medical reason. One of these deaths was pregnancy-associated.
When assessing deaths by age categories, 23 (8.6%) women were younger than 20, 218 (81.3%) were aged 21 to 39 and 27 (10.1%) were aged 40 years or older ( Table 1) . Most of the deaths (187/268) occurred more than 42 days after the end of pregnancy (Table 2) .
Among very young women (15) (16) (17) (18) (19) , the total pregnancyassociated mortality rate was 46.1/100 000 pregnancies while in the same age group, among the non-pregnant population, mortality was 23.9/100 000 person-years. The eldest (45-49) women had the highest pregnancy-associated mortality rate (61.3/100 000 pregnancies). In all age groups under 40, mortality rates were highest after termination of pregnancy (Table 3) .
Combining all causes of deaths, the age-adjusted mortality rate was 48.1/100 000 person-years in the non-pregnant population and the pregnancy-associated mortality rate was 28.4/100 000 pregnancies. Compared with the preceding study, the pregnancy-associated mortality rate had a statistically significant decrease from 37.8/100 000 pregnancies to 28. 4 . The suicide rate after miscarriage decreased from 16.5/100 000 pregnancies to 11.4/100 000 pregnancies, also a non-statistically significant difference [RR 0.69 (95% CI, 0.35-1.38)]. After termination of pregnancy, mortality rates were highest for all but medical causes. For example, the mortality rate for external causes was 8.1/100 000 among pregnant women and after pregnancies ending with delivery, whereas after termination of pregnancy, the mortality was sixfold higher (49.5/100 000) ( Table 4 ).
Discussion

Main findings
Our results demonstrate decreased mortality rates during the past decade in Finland. Furthermore, mortality is lower among pregnant than non-pregnant women. During both decades, the pregnancy-associated mortality rate was highest in the subgroup for suicides after termination of pregnancy.
Strengths and limitations of the study
For most of the existing studies, the basis of assessment has been the assumption that had the woman not been pregnant, she would not have died. These studies are thus often focused on pregnancy-related deaths, excluding accidents and other incidents. 10, 11 Our study indicates, however, that fewer accidental and incidental deaths occur during pregnancy or after birth compared with non-pregnant women of fertile age. Many studies and reports use as their cut-off point 42 days after pregnancy, 12 which is only a short postpartum period. Our study acknowledges the fact that advances in medicine in developed countries enable more and more women to live beyond 42 days. Furthermore, most of the studies report the maternal mortality ratio, i.e. the number of maternal deaths during a given time period per 100 000 live births during the same time period. This ratio describes only the risk of dying during a single pregnancy. Recently, to our knowledge, only the Icelandic study and The Eighth Report of the Confidential Enquiries into Maternal Deaths in the United Kingdom have observed pregnancy-associated mortality and considered an alternative approach to reporting maternal mortality. 13, 14 We chose to report deaths per 100 000 pregnancies because our study has as its numerator all pregnancies, including those after termination of pregnancy, miscarriages or ectopic pregnancies, that would not end in a live birth. Furthermore, we were able to compare the mortality by type of pregnancy by using this numerator.
Follow-up ended 1 year after the end of pregnancy. Our data did not include information on emigration. Since both migration and death are rare events in our study population, we used the number of pregnancies as a proxy for person-years. Thus, we calculated mortality among nonpregnant women per 100 000 person-years.
We had access to data on registered pregnancies only. The number of deaths occurring in early pregnancy, after ectopic pregnancy or miscarriage may be underestimated, if the women were never hospitalised or the pregnancy was unmentioned on the death certificate.
Interpretation
According to a hypothesis known as 'the healthy pregnant woman effect' the healthiest women get pregnant and the risk of dying through a medical cause within 1 year after the end of pregnancy is lower than the risk among non-pregnant women in the same age group. 15 Our results support this theory. Another explanation could be that pregnant women have more contact with healthcare professionals than does the general population of women in the same age groups. Thus, severe medical conditions are diagnosed and treated efficiently. A further possible explanation for fewer accidental and incidental deaths occurring during pregnancy or after birth, compared with other fertile-age women, could be that a mother staying at home with a newborn child is less exposed to accidents.
Our study demonstrates a slight increase in mortality owing to medical reasons after miscarriage or ectopic pregnancy. Ectopic pregnancy is a potentially life-threatening condition. More detailed study of this group could reveal if such women have received more fertility treatments than women in other groups. Previous studies have indicated that there are two to three times more ectopic pregnancies after infertility treatment, possibly caused by the effects of the treatment, the pre-existing disorder or embryo transfer. 16 The age-adjusted mortality rate in Finland among people of working age (15-64) has decreased by 25% during the last decade. This is visible in the overall reduction in pregnancy-associated deaths, and indicates improvements in health care. In 2014, the most common cause of death for working-age women was breast cancer. 17 However, globally, one of the four most common causes of female mortality between the ages of 15 and 49 is suicide. 18 In low-and middle-income countries 1/20 maternal deaths are due to injuries and 1/100 are due to suicide. 19 After updating the current care guidelines, emphasising the need for psychological support, Finland has achieved a reduction in the suicide rate after termination of pregnancy. 20 Combining all causes of deaths, the mortality rate after termination of pregnancy is, however, alarming. This problem is international. A review article on termination of pregnancy and mental health demonstrated a worldwide increase in suicidal behaviour after termination of pregnancy [odds ratio 2.55 (95% CI, 1.31-4.96)]. 21 The latest report on maternal deaths in the UK affirms the importance of studying suicides during and up to 1 year after pregnancy. 22 Higher mortality rates after termination of pregnancy among teenagers and especially deaths from suicide and homicide indicate that women are very vulnerable at this stage and that social circumstances might be a common risk factor.
Conclusion
Pregnancy-associated mortality is decreasing in Finland, nevertheless every single death is one too many. Women undergoing termination of pregnancy need special attention: many authorities recommend a follow-up visit to recognise any developing physical, mental or social problem. Every effort is vital to study the deaths and prevent them happening. Confidential enquiry for all pregnancyassociated deaths (deaths within 42 days after the end of pregnancy and late maternal deaths) requires more resources since record-linkage of comprehensive registers is the only approach capable of gathering the data. This method also detects, however, deficiencies in the healthcare system. Analysing near-miss events would give important additional information.
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Additional Supporting Information may be found in the online version of this article: Figure S1 . The midurethral synthetic sling is made of the same type 1 macroporous material as vaginal prolapse mesh and so slings have been included with mesh in adverse publicity with a consequent decline in their use, with resurgence of fascial slings and more complex surgery such as colposuspension. The impact of this has been particularly evident in Scotland, where patients have
